Abstract ....• Magnetic recording disks with bicrystalline microstructures were fabricated on (100) GaAs single crystalline wafers. The coercivity of the bicrystal disk with Cr underlayer and CoCr(12 % )Ta(2 %) magnetic layer can reach up to 2600 Oe along the effective easy axis and 2400 Oe along the effective hard axis, accompanied with near unity coercive and remanent squarenesses. Deposition conditions, microstructures and hysteresis properties were systematically studied. The epitaxial orientation relationships are found to be {OOl}<110> Cr /I {001}<110> GaAs and {11.0}<OO.1> CoCrTa /I {OOl}<110> Cr with -1.5% lattice misfit. The medium noise power of the bicrystal disk is measured and found to be extremely low, and remains virtually unchanged as recording density increases up to 100 KFCI. The recording properties of the bicrystal media were compared with those of the conventional media and state-of-the-art low Mrt media with similar coercivities.
LIN1RODUcnON
To achieve high areal recording density requires the magnetic recording media to have high coercivity (H c )' coercive and remanent squarenesses (S* and S), as well as low medium noise and good narrow track recording performance. Current magnetic recording media have difficulties to meet all these requirements at the same time, e.g., coercive squareness (S*) has to be reduced in order to lower the medium noise [l] . Micromagnetic modeling study has shown that, without intergranular exchange coupling, magnetic thin film media with bicrystalline microstructure can achieve high H c ' S* ,S, low medium noise and good side written behavior at the same time [2] . Bicrystal magnetic thin films can be fabricated through both the epitaxy of Cr undedayer onto single crystalline substrate and the epitaxy of CoCrTa magnetic layer onto Cr underlayer. The key step is to grow (100) Cr monocrystal underlayer on the single crystalline substrate, so that the crystal easy axes of CoCrTa grains lie in the film plane and orient along the [011] or
[otT] direc tion 0 f (100) Cr. The computer simulation has suggested that hysteresis properties of bicrystal thin films should reach the best along the directions 45 0 from both coaxes of CoCrTa layer (denoted as effective easy axis).
Bicrystal thin films have been grown on several single crystalline substrates, such as Cr, NaCl, LiP [3] [4] [5] [6] etc. some of them exhibit excellent hysteresis properties. However, it is difficult to obtain flyable magnetic disks on these substrates. In this study, GaAs single crystals with (100) orientation were used as substrates. Flyable magnetic rigid disks with bicrystalline microstructures were fabricated on polished GaAs wafers in order to study the read/write properties of bicrystalline thin film media. The hysteresis properties and microstructures were systematically studied on GaAs coupons. The magnetic and recording properties of the bicrystal thin film media were compared with those of conventional thin film media and state-of-the-art low ~t media.
11. EXPERIMENTAL GaAs single crystalline wafers with (100) orientation were used as substrates. The surfaces of the substrates were well polished. The thicknesses of the substrates are around 0.6 mm. Cr underlayers were epitaxially grown on GaAs single crystalline substrates using DC magnetron sputtering. Before the deposition of Cr underlayer, the oxidation layer of GaAs substrate has been removed by sputtering etching over a sufficient time period. A systematic investigation shows that epitaxy of Cr underlayer onto GaAs substrate can be achieved under the following sputtering conditions: The deposition rate is less than 1nm/sec. The substrate temperature is kept above 300°C during the deposition of Cr undedayer. The base pressure is lower than 1xlO-7 Torr. Proper RF Bias is necessary in order to achieve the epitaxy of Cr underlayer. In this study, we use -60 volts RF bias during the deposition of Cr underlayer. After the deposition of er underlayer, the CoCrTa magnetic layer with 12% Cr and 2% Ta was deposited immediately using RF magnetron sputtering. The substrate temperature is 250°C during the deposition of CoCrTa layer. -60 volts RF bias was applied during the deposition of CoCrTa layer. All the depositions were carried out at 8 mTorr Argon pressure. For the bicrystal disks, 20nm carbon overcoats were deposited using RF magnetron sputtering at room tempera-ture. The magnetic properties of the obtained bicrystal thin films were measured using a vibrating sample magnetometer (VSM). The crystal structure and the grain structure were examined by X-ray diffraction (XRD), atomic force microscopy (AFM, Digital Nanoscope Ill) and transmission electron microscopy (TEM, Philips CM-30). The TEM samples were prepared by dissolving the GaAs substrate in NHPH:H 2 0 2 :H 2 0 (1:1:5) solution, which does not dissolve Cr and CoCrTa layers.
Ill. REsULTS AND DISCUSSION
A. Epitaxy.
GaAs single crystal has diamond structure with lattice constant equal to 0.564 nm. The lattice constant of BCC Cr is 0.288 nm, which is very close to half of the lattice constant of GaAs substrate. Therefore, epitaxy growth of (100) Cr onto (100) GaAs can be expected with the following epitaxial orientation relationship: {001}<11O> Cr II {001}<11O> GaAs, which implies -1.5% lattice misfit. CoCrTa layer can then be epitaxially grown on (100) Cr underlayer with the following epitaxial orientation relationship: {11.0}<00.1> CoCrTa /I {001}<110> Cr. Figure 1 schematically shows the epitaxy of (100) Cr on (100) GaAs substrate and the epitaxy of (11.0) CoCrTa layer on (100) TEM investigation was conducted to study the microstructures and epitaxial orientation relationships of the bicrystal thin films. Figure 2 (a) shows a typical plane view bright field TEM image and corresponding electron diffraction pattern of Cr single layer (30nm thick) with GaAs substrate dissolved. The electron diffraction pattern reveals the epitaxy of Cr layer onto GaAs substrate. The grain size is around 25nm in diameter. and the grains are well-defmed and separated. In order to determine the epitaxial orientation relationship between Cr layer and GaAs substrate, special TEM samples were prepared. Suitable amount of GaAs was left on the TEM samples so that both electron diffraction patterns from Cr layer and GaAs substrate can be obtained at the same time. It is found that the epitaxial orientation relationship between Cr layer and GaAs substrate is {001 }<1l0> Cr II (001 }<110> GaAs. The magnetic properties of the obtained bicrystal fIlms were measured by VSM along various directions in the film plane. It is found that the coercivity, coercive squareness and remanent squareness all reach their highest values along the directions at 45° angle with respect to either c-axis orientation in CoCrTa layer. This result is consistent with the prediction of micromagnetic modeling [3] . Figure 5 shows two hysteresis loops of the bicrystal fIlm with 120nm Cr underlayer and 25nm CoCrTa layer at the effective easy axis (i.e., 45° from c-axis) and the effective hard axis (i.e., the c-axis). The coercivity increases with an increase of the thickness of Cr undedayer, and reach the highest value (2600 Oe) at 120 nm thick Cr underlayer. Figure 6 shows the magnetic properties (Hc, S*, S) of the same sample as a function of the angle with respect to c-axis orientation. Recording properties of the obtained bicrystal disks were measured on a precision air-bearing spin stand tester using thin film heads with 5 J.Ull track width and 0.35 Ilm gap length at 4 Il-inch flying height. In order to study the recording properties and noise performance associated with specific directions, a time domain measurement technique was developed. Firstly, N periods of squarewave patterns were recorded on a small section (200 Ilm) of the disk selected according to the angle. An isolated transition was recorded as a header of the squarewave pattern. This data pattern was .readback many times using Tektronix ~TD720A digitizer with 1 GS/sec sampling rate and 4 MBytes memory. The multiple readbacks were averaged in a computer to eliminate the electronic noise using the index pulse peak for alignment. The electronic-noise-free waveform was then devided into N pieces Vix), K=1,2, '" N. Each piece refers to one period. The noise waveform is defined as the difference between the readback waveform and the ensemble mean
Then the noise power can be calculated using the following formula
where B is the bit length, and <.dV Cx) > is the variance of the noise waveform. Using this time domain method, we can measure the readback amplitude and noise power in any desired section of the disk. Recording angle 0 (degree)
., 
IV. CONCLUSION
Bicrystalline magnetic media with CoCrTa and Cr bilayer were successfully grown on (100) GaAs single crystalline substrates. The effective easy axes are oriented along <110> directions of GaAs substrate. The obtained bicrystal media exhibit very good hysteresis properties. Coercivity can reach up to 2600 Oe with near unity S* and S along the effective easy axes. Flyable magnetic disks with bicrystal media have been successfully made on polished GaAs (100) wafers. The normalized medium noise power of the bicrystal disk is measured and found to be much lower than that of conventional media. The medium noise power keeps virtually unchanged up to 100 KFCI recording density .
